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ABSTRACT
A data bank of the mean and turbulent flow structure downstream from an
impervious plate blockage in a square-pitch rod array spaced at a p/d ratio of
1.107 is described. The test section represented two interior interconnected
subchannels, and the plate blockage element fully blocked one subchannel.
Measurements were made of the wall shear stress, mean axial velocity
distribution, turbulence intensity, Reynolds shear stress and turbulent
kinetic energy at distances of 49.7, 51.0, 65.1, 89.3 and 90.6 hydraulic
diameters downstream of the blockage, at an asymptotic unperturbed Reynolds
number of 4.8 x 10 .
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1. INTRODUCTION
This report contains a data bank of the flow structure downstream of a
complete, plate-type, subchannel blockage in a two-subchannel, square-pitch
rod cluster spaced at a p/d ratio of 1.107 (Figure 1). The tabulated
experimental data include the wall shear stress distribution, mean radial
velocity profiles and all Reynolds stress terms for the central open rod gap
region bounded by 9 at -50 to +50° and y = 1, for 5° increments in 6 and
resolved in polar coordinates. The data are intended to aid the development
and testing of numerical turbulence models in regular arrays of parallel
reactor fuel rods, cooled by an axially flowing, turbulent single-phase
coolant.
Experimental data of the developed unperturbed flow structure for the
same test section are available for a 9:1 Reynolds number range [Hooper et al.
1983a,b]. Hot-wire anemometer techniques of measurement and data reduction
are given by Hooper [1980] and Hooper and Harris [1982]. The data presented
here have been analysed by Hooper and Wood [1982].
Five main axial stations downstream of the blockage were measured, as
shown in Table 1. The equivalent subchannel hydraulic
TABLE 1
Measurement plane (m) 3.9 4.0 5.1 7.0 7.1
Axial distance from blockage (z/d.) 49.7 51.0 65.1 89.3 90.6
diameter for a large, open rod array (78.4 mm) was used to derive the z/d,
ratio. The total rig test section length was 9.14 m, and measurements were
made only at 100 mm from the exit plane. Accordingly, the plate blockage was
moved away from the exit to set the flow recovery lengths. This procedure is
justified if the wake flow structure is substantially independent of the
upstream flow development. The axial static pressure distribution [Hooper and
Wood 1983] showed this assumption to be reasonably accurate. The minimum
axial distance to the blockage of 3.90 m was dictated by the increasing
turbulence intensity, and by the use of hot-wire anemometry in the working
fluid (air) to measure the Reynolds stresses. This axial distance was the
limit for the small signal approximations to the output of a two-element hot-
wire probe, when assessed by an experimental closure technique [Hooper 1980;
Hooper and Harris 1982].
In addition to the tabulated data for the axial stations given in Table
I, the logarithmic mean velocity radial profiles and Reynolds stress
distribution are plotted as functions of the measurement planes at 4.0, 5.1
and 7.1 m downstream of the blockage. The Reynolds number was set at 48 x 10
by adjusting the linear section of the axial pressure distribution for the
longest recovery length of 7.1 m to that corresponding to the same Reynolds
number for unblocked and developed single-phase turbulent flow in this test
section. The corresponding flow settling drum static pressure, adjusted to
compensate for changes in air density and kinematic viscosity, was then used
as the reference pressure for the study.
2. AXIAL DISTANCE TO BLOCKAGE 3.9 m

















































2.2 Mean Velocity Profiles
Profiles not indexed or designated by A are 3.9 m from the blockage, and
those designated by B are 4.0 m -rom the blockage. The main study for 4.0 m
is contained in Section 3. The B data for the mean axial velocity profiles at
selected angles are given only to demonstrate the relatively low level of the
mean velocity axial gradient for the planes closest to the blockage. By
successively measuring these profiles, the experimental error entailed in
setting the rig to the calculated operating point is avoided, and instrument
errors are minimised. For convenience only, the B data are normalised by the
wall shear stress for 3.9 m; this does not imply that the wall shear stress
at 3.9 m is equal to the distribution for 4.0 m.
MEAN VELOCITY AT -50.0 DEGREES.
WALL SHEAR STRESS 0*3968 PA
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MEAN VELOCITY AT -30,0 DEGREES,
WALL SHEAR STRESS 0,4004 PA
FRICTION VELOCITY 0,606:1. M/SEC
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MEAN VELOCITY AT -20.0 DEGREES,
WALL SHEAR STRESS 0,3824 PA
FRIC T10 N VE L 0 CITY 0 * 5923 M/SE0





























































































































































































































































































































































































































































































































































































































MEAN VELOCITY AT 10.0 DEGREES,
WALL SHEAR STRESS 0.3262 PA
FRICTION VELOCITY 0.5470 M/SEC













































MEAN VELOCITY AT 15*0 DEGREES,
WALL SHEAR STRESS 0,3088 PA





























































MEAN UELOCITY AT 15.0 DEGREES,
WALL SHEAR STRESS 0,3088 PA
ERIC T:I:ON UELOCITY 0,5322 M/SEC
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MEAN VELOCITY AT 25,0 DEGREES,
WALL SHEAR STRESS 0,2762 PA
FRICTION VELOCITY 0,503-4 M/SEC

































































MEAN VELOCITY AT 30,0 DEGREES.
WALL SHEAR STRESS 0,2581 PA
F RIC T10 N V E I... 0 CIT Y 0,4866 M / S E C
A
Y (M) V (M/SEC) Y-t' Vi
0,00170 7,350 46,5 15.'105
0,00220 7,590 60,2 IS,598
0,00320 7,910 87,6 16,256
0,00420 8,220 1.1.4 ,.9 16,893
0,00520 8,520 142,3 17,510
0,00 6 2 0 8 , 7 3 0 16 9 »7 17 ,. 9 41
0,00819 9,090 224,1 18,681
0,01020 9,360 279,1 19,236
0,01219 9,570 333,6 19,667
0,01419 9,760 388.3 20,058
0,01719 9,900 470,4 20,346
0,0201.9 9,970 552,5 20«489
0,02319 9,870 634.7 20,284
0,02619 9,740 716,8 20,017
0,03019 '9,480 826,2 19,482
0,03419 9,230 935,7 18,969
0,03819 9,010 1045,2 1.8,517
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v (M/sr-c: r-f v-f
0,00170 6,H70 45.3 .1.4,487
0,00220 7,:'i 10 58,7 15.415
0*00320 7,640 85,3 16,:I10
0,00420 7 , 9 6 0 1. ;|.•?
 : 0 ;|. 6 , 7 8 5
0,00520 8,070 1.:?0,7 1.7,01.7
0., 00620 8,360 165,4 17,629
0,00819 8,680 2:18,4 18,304
0,01020 8,970 272,1 IB*915
0,01219 9.190 325,1 19,379
0,01419 9,390 378,5 1«;»801
0,01719 9,600 458,5 20,244
0,02019 9,760 538,5 20,581
0,02319 9,900 618.5 20 ,-876
0,02619 9,950 698,5 20,982
0,03019 9,880 805.2 20,834
0,03419 9,800 91.1,9 20,665
0,03919 9,680 1045,3 20,412
0,04420 9,580 1178,9 20 < 20:1.
15
MEAN VELOCITY AT 40,0 DEGREES,
WALL SHEAR STRESS 0,2397 PA
FRICTION VELOCITY 0,4689 M/SEC
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3. AXIAL DISTANCE TO BLOCKAGE 4.0 m
3.1 Wall Shear Stress Variation
AIR DENSITY 1*092 KG/M**3
KIN EMATIC VISC0 SIT Y 1.7 71 £ - 05 M * * 2/S E C
AVERAGE WALL SHEAR STRESS 0,3002 PA













































































































































3.2 Mean Velocity Profiles
MEAN VELOCITY AT
WALL SHEAR STRESS
FRICTION VELOCITY 0.6026 M/SEC
••50,0 DEGREES,
0,3965 PA










































































MEAN VELOCITY AT -45*0 DEGREES*
WALL SHEAR STRESS 0.4080 PA
FRICTION VELOCITY 0.6113 M/SEC

















































































MEAN VELOCITY AT -40,0 DEGREES,
WALL SHEAR STRESS 0,4103 F:'A






















































































MEAN VELOCITY AT -35.0 DEGREES.
WALL SHEAR STRESS 0.4OS6 PA
FRICTION VELOCITY 0.6094 M/SEC
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MEAN VELOCITY AT --30,0 DEGREES.
WALL SHEAR STRESS 0.4002 PA
FRICTION VELOCITY 0,6054 M/SEC

























































































































MEAN VELOCITY AT -25,0 DEGREES*
WALL SHEAR STRESS 0,3922 PA
FRICTION VELOCITY 0,5993 M/SEC





























































MEAN VELOCITY AT -20,0 DEGREES.
WALL SHEAR STRESS 0,3824 PA
FRICTION VELOCITY 0,5918 M/SEC
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MEAN VELOCITY AT -15,0 DEGREES,
WALL SHEAR STRESS 0,3804 PA
FRICTION VELOCITY 0,5902 M/SEC













































MEAN VELOCITY AT -10.0 DEGREES,
WALL SHEAR STRESS 0,3726 PA







































































































































































































































































MEAN VELOCITY AT 15,0 DEGREES.
WALL SHEAR STRESS 0,3086 PA
FRICTION VELOCITY 0,5316 M/SEC





























































































































































































































































MEAN VELOCITY AT 35.0 DEGREES,
WALL SHEAR STRESS 0,2450 PA










































































MEAN VELOCITY AT 40,0 DEGREES,
WALL SHEAR STRESS 0,2395 PA
FRICTION VELOCITY 0,4683 M/SEC










































































MEAN VELOCITY AT 45.0 DEGREES.
WALL SHEAR STRESS 0,2434 PA
FRICTION VELOCITY 0.4721 M/SEC













































































MEAN VELOCITY AT 50,0 DEGREES,
WALL SHEAR STRESS 0,2541 PA
FRICTION VELOCITY 0,4824 M/SEC











































































































































































































































SCAN ANGLE - 45
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4. AXIAL DISTANCE TO BLOCKAGE 5.1 m
4.1 Wall Shear Stress Variation
AIR DENSITY 1.085 KG/M**3
KINEMATIC VISCOSITY 1,7B6E-05 M**2/SEC






































































4.2 Mean Velocity Profiles
MEAN VELOCITY AT -50.0 DEGREES.
WALL SHEAR STRESS 0.3595 PA
FRICTION VELOCITY 0.5756 M/SEC

























































































































































MEAN VELOCITY AT -40,0 DEGREES*
WALL SHEAR STRESS 0*3789 PA










































































MEAN VELOCITY AT -35,0 DEGREES.
WALL SHEAR STRESS 0,3750 PA















































































MEAN VELOCITY AT -30,0 DEGREES.
WALL SHEAR STRESS 0,3672 PA
FRICTION VELOCITY 0,5817 M/SEC
























































































































MEAN VELOCITY AT --20,0 DEGREES*
WALL SHEAR STRESS 0,3371 PA

























































MEAN VELOCITY AT -15,0 DEGREES.
WALL SHEAR STRESS 0*3222 PA
FRICTION VELOCITY 0,5449 M/SEC













































MEAN VELOCITY AT -10,0 DEGREES,
WALL SHEAR STRESS 0,2988 PA
FRICTION VELOCITY 0.5247 M/SEC












































































































































































































MEAN VELOCITY AT 10,0 DEGREES»
WALL SHEAR STRESS 0,2544 PA


















































MEAN VELOCITY AT 15*0 DEGREES.
WALL SHEAR STRESS 0,2520 PA
F RIC T10 N V E L 0 CIT Y 0.48.1.9 M / S E C










































































































































































































































































































































































































MEAN VELOCITY AT 45,0 DEGREES.
WALL SHEAR STRESS 0,2561 PA
FRICTION VELOCITY 0.4859 M/SEC













































































MEAN VELOCITY AT 50.0 DEGREES.
WALL SHEAR STRESS 0.2684 PA
FRICTION VELOCITY 0.4973 M/SEC
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1 , 74 1







































































































































































0 , 1 1 1


















































































































































































































































































































































































































T tv*V + T























































































































































































































































































































































































5. AXIAL DISTANCE TO BLOCKAGE 7.0 m
5.1 Wall Shear Stress Variation
AIR DENSITY 1.121 KG/M**3
KINEMATIC VISCOSITY 1.699E-05 M**2/SEC











































































5.2 Mean Velocity Profiles
MEAN VELOCITY AT -50,0 DEGREES.
WALL SHEAR STRESS 0,3222 PA
FRICT10 N M E L G CIT Y 0,5361 M/8 EC





























































MEAN VELOCITY AT -45,0 DEGREES,
WALL SHEAR STRESS 0*3302 PA
FRICTION UEI...OCITY 0,5427 M/SEC
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MEAN VELOCITY AT --40,0 DEGREES,
WALL SHEAR STRESS 0,3363 PA
FRICTION VELOCITY 0,5477 M/SEC
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MEAN VELOCITY AT -35.0 3D EG RUES.
WALL. SHEAR STRESS 0,3340 PA
FRICTION VELOCITY 0,5458 M/SEC

























































































































































































































MEAN 'JELOCITY AT -25,0 DEGREES.
WALL. SHEAF< STRE8S 0,3:l.95 PA



















































































































































































































































































































































MEAN VELOCITY AT -10,0 DEGREES.
WALL SHEAR STRESS 0.2691 PA





























































































































MEAN VELOCITY AT 0,0 DEGREES,
I-JALL. SMEAR STRESS 0*2304 PA


























































































































































































































































































































MEAN VEl...GCITY AT 20,0 DEGREES.
WALL SHEAR STRESS 0,2247 PA
ER:I:CTIGN VELOCITY 0,4477 M/SEC


































































































MEAN VELOCITY AT 25*0 DEGREES,
WALL SHEAR STRESS 0,2452 PA
FRICTION VELOCITY 0,4677 M/SEC









































































































MEAN VELOCITY AT 30,0 DEGREES
WALL SHEAR STRESS 0,2519 PA
FRICTION VELOCITY 0,4741 M/SEC

























































MEAN VELOCITY AT 35,0 DEGREES,
WALL SHEAR STRESS 0*2638 PA
FRICTION VELOCITY 0.-185:1. M/SFC

























































































































hi;-:AN VELOCITY AT 40.0 DEGREE
'/JAIL 8l-lli:AIV --U'Rn'iS 0,2640 PA


































































































































































































































































































SCAN ANGLE ~ 50
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6. AXIAL DISTANCE TO BLOCKAGE 7.1 m
6.1 Wall Shear Stress Variation
AIR DENSITY 1.124 KG/M**3
KINEMATIC VISCOSITY 1.695E-05 M*#2/SEC
AVERAGE WALL SHEAR STRESS 0.2338 PA













































































































































6.2 Mean Velocity Profiles
MEAN VELOCITY AT -50,0 DEGREES,
WALL SHEAR STRESS 0,2999 PA
FRICTION VELOCITY 0,5165 M/SEC


































































MEAN VELOCITY AT --45,0 DEGREES,
WALL SHEAR STRESS 0,3060 PA

















































































6 7 , 7
98,5
129,3












































































































































MEAN VELOCITY AT -30*0 DEGREES*
WALL SHEAR STRESS 0*2983 PA
FRICTION VELOCITY 0*5152 M/SEC





























































MEAN VELOCITY AT --25.0 DEGREES,
WALL SHEAR STRESS 0,2899 PA
FRICTION VELOCITY 0.5078 M/SEC



















































































































MEAN VELOCITY AT --20,0 DEGREES,
WALL SHEAR STRESS 0,2756 PA
FRIC T10N V EL 0CIT Y 0.4951 M/S E C










































































































MEAN VELOCITY AT -15*0 DEGREES*
WALL SHEAR STRESS 0.2587 PA
FRICTION VELOCITY 0,4798 M/SEC





















































MEAN VELOCITY AT -10.0 DEGREES,
WALL SHEAR STRESS 0,2325 PA
FRICTION VELOCITY 0,4548 M/SEC
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MEAN VELOCITY AT 1.0,0 DEGREES.
WAI...i.. SHEAR STRESS 0,1939 PA

























































MEAN VELOCITY AT 15.0 DEGREES,
WALL SHEAR STRESS 0.1957 PA
FRICTION VELOCITY 0.4173 M/SEC

























































MEAN VELOCITY AT 20,0 DEGREES,
WALL SHEAR STRESS 0,2039 PA
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MEAN VELOCITY A'! 30,0 DEGREES*
WALL SHEAR STRESS 0,2264 PA
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SCAN ANGLE - 35
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p/d rod pitch to diameter ratio
u, v, w turbulent intensities (r.m.s. values of turbulent velocity
fluctuation/local friction velocity V* (6 ) in (z,r,0)
coordinates)
U+(r,Q) dirnensionless axial velocity (U(r ,8) /V*( 8 ) )
V*(e) wall friction velocity
7 (9 ) wall shear stress
Q turbulent kinetic energy
y wall distance
.Vmax wall distance to central axis of symmetry
y non-dimensional wall distance (y V*(0) /v )
p air density
v kinematic viscosity of air
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BLOCKflGE RT ^ .0
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BLOCKflGE RT 7.10 n
LflU OF UflLL
- 25
R CONSTRNT OF 2.0 IN U+ DISPLflCES
SUCCESSIVE VELOCITY PLOTS.
10 10
DIHENSIONLESS UflLL DISTRNCE Y
10






















BLOCKRGE RT 7. 10 H
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FIGURE 6c AXIAL TURBULENCE INTENSITY AT 4.0 m
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FIGURE 7a RADIAL TURBULENCE INTENSITY AT 4.0 m
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F I G U R E 7b R A D I A L TURBULENCE INTENSITY AT 4.0 m
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FIGURE 19c RADIAL TURBULENCE INTENSITY AT 7.1 m
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FIGURE 20b AZIMUTHAL TURBULENCE INTENSITY AT 7.1 m
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